Abstract. Using X-ray absorption at the Al K-edge at high temperature, structural information was determined on Al 2 O 3 , CaAl 2 O 4 (CA), Ca 3 Al 2 O 6 (C3A) and CaAl 2 Si 2 O 8 (anorthite) in the crystalline and liquid states (2380 K). Important changes are observed for Al 2 O 3 where all oscillation in the XANES spectra disappear above the liquidus temperature. For the three other compositions some modifications of the XANES spectra can be attributed to changes in the Al coordination.
INTRODUCTION
Aluminum is one of the major elements for earth and material sciences, as part for instance of magma compositions and cements. It is used to increase chemical durability, compressive strengths and thermal endurance in silicate glasses. Its presence also decreases the devitrification tendency and lowers thermal expansion.
Few investigations on the variation of properties and structure of alumina, Al 2 O 3 , have been made at high temperature because Al 2 O 3 has a very high liquidus temperature (2345 K), which presents technological difficulties (such as inert container). Recent X-ray and neutron diffraction and NMR spectroscopy experiments were made using a levitation technique on Al 2 O 3 [1] [2] [3] . These studies have shown that, at room temperature, Al is in 6-fold coordination. However, at high temperature (2500 K), X-ray diffraction data indicate that about 62% of the aluminum sites are 4-fold coordinated ( [4] Al), and 24% of the aluminum sites are 5-fold coordinated ( [5] Al) [3] . XANES spectra at the Al K-edge where collected on Al 2 O 3 , CaAl 2 O 4 (CA), Ca 3 Al 2 O 6 (C3A) and CaAl 2 Si 2 O 8 crystals at room temperature and in the liquid state up to 2380 K, using a furnace adapted to the micro-beamline LUCIA (Swiss Light Source, Switzerland) [4] . The results will be discussed and compared with those obtained previously on aluminosilicate glasses [5] .
EXPERIMENTS
Al K-edge X-ray absorption spectra were obtained in the fluorescence mode using a silicon drift diode detector protected by a beryllium cap, on the LUCIA beam-line at SLS. We used a monochromator with KTP crystals and energy calibration was made using spectra of Anorthite mineral obtained on SA32 beamline (LURE) for Al K-edge [5] but the resolution is improved in the present experiment. The heating wire used was described elsewhere [6] and was adapted to the vacuum chamber of the LUCIA beamline. The wire was Ir for Al 2 O 3 measurements and Pt-Ir10% for calcium aluminates. Temperatures were measured with an optical pyrometer. The beam size was 20*20 μm and the total sample diameter was 500-800 μm. The glasses and crystals used in the study were previously analyzed [5] .
RESULTS AND DISCUSSION
XANES measurements were made between room and liquidus temperature for four different compositions, Anorthite (CaAl 2 Si 2 O 8 ), CA, C3A and Al 2 O 3 . Results are presented for the different compositions in figures 1-4. The room temperature XANES spectra are similar to previous studies on the SA32 line in SUPERACO [5] .
High Temperature XANES Spectra of Anorthite
XANES spectra at the Al K-edge of anorthite composition at different temperatures are shown in figure 1 . The XANES spectra are characterized by two strong peaks a and b at 1565 and 1570 eV, respectively. A further broad feature (peak c) exists at about 1581 eV. The energy positions of these peaks do not shift significantly as the temperature changes, whereas the relative intensity of peak b, shows a strong temperature dependence (see insert in Fig. 1 ). With increasing temperature, significant changes are visible at 1570 eV and peak b increases in intensity. A similar change in intensity is observed at room temperature for calcium aluminosilicate glasses along the join CaO/Al 2 O 3 = 1, which is attributed to variations in the number of Si and Al neighbors, yielding modifications of the mean Al-O bond length or intertetrahedral angles [5, 7] . Alternatively, this peak could be due to an increase of Al in five fold coordination, since significant amounts of [5] Al have been observed by 27 Al NMR at high temperature [8] and at room temperature on peraluminous glasses studied by X-ray absorption spectroscopy (unpublished data) and NMR [9] .
High Temperature XANES Spectra of CA and C3A
XANES spectra for two crystalline calcium aluminate phases, CA and C3A, are shown in figures 2 and 3, respectively. In both crystals, Al is present in a tetrahedral site but in distinct polymerized species. Al is in Q 4 position for CA [5] . A first intense peak a, observed for the CA crystal rapidly decreases in intensity as the temperature increases and peak b becomes dominant in the liquid state. The increase in intensity of peak b can be attributed to structural rearrangement of the network and/or an increase in the proportion of [5] Al. In the liquid state, NMR measurements indicate the presence of 5% of Al [V] [3] . Peak c almost vanishes in the liquid state. These changes can be attributed to an increase of the Al site distortion between crystal and liquid and/or a modification at medium range order (opening of the ring structure).
Al is in a Q 2 arrangement in the C3A crystal [5] . In figure 3 , evolution of XANES spectra with temperature shows similarities with those observed for CA, with a decrease in intensity of peak a and c as the temperature increases. XANES spectra for C3A exhibit an intense peak labeled b' in figure 3, characterizing the Al site depolymerization (Al associated with two non-bridging oxygens) [5] .
For both CA and C3A spectra, the feature c almost disappears in the liquid state, which indicates that this structure is especially sensitive to the medium range organization of the crystalline state. There is, qualitatively, a striking similarity in the evolution of XANES features between liquid and crystals despite the differing composition (CA vs C3A). Therefore, we can consider that the Al environment in theses two liquids is similar to the Al environment in the corresponding crystals.
The C3A XANES spectrum is less affected by the temperature increase than the CA XANES spectrum. This results from the fact that, in CA melt, [5] Al is required to induce the mobility of the tetrahedral network [9] in order to transform to the fluid state. This explanation is also valid for the CaAl 2 Si 2 O 8 composition and is in good agreement with NMR measurements [10] . On the contrary, in the C3A melt, the depolymerized network is already highly disrupted and is in a structural state that favors network mobility at high temperature. Consequently, Al in five fold coordination is not needed to participate in the structural rearrangements that can take place in the liquid state. 
High Temperature XANES Spectra of Al 2 O 3
In figure 4 , the XANES spectra of Al 2 O 3 crystal and melt are reported at 300 K and 2450 K, respectively. The spectrum at 300 K is similar to previous results [11] and exhibits a principal resonance at 1567.3 eV (peak a) and a second peak at 1572 eV (peak b). Several features exist in the 1575-1600 eV region that are related to medium range organization since multiple scattering calculations require clusters of 13.5 Å in size to perfectly resolve these features [11] . Most of the peaks disappear in the liquid state at 2450 K and peaks a and b shift to lower energy at 1566 and 1570 eV. The first EXAFS oscillation f increases and shifts to higher energy in the liquid state. In the liquid state, an NMR investigation has shown 60 % of [4] Al and 40% of [6] Al [3] . This agrees with molar volume of glasses and melts, which is related to oxygen coordination. For several series of silicate glasses to which Al 2 O 3 was added, the partial volume increases linearly as a function of Al 2 O 3 content up to 40 cm 3 [12] . This volume is totally different to those observed for Al 2 O 3 , 25 cm 3 , where [6] Al exists. Therefore, a coordination change is likely in the liquid state. The Al K-edge for [4] Al should be localized at lower energy values than for [6] Al. Such a shift is visible at high temperature. However, the quality of the data needs to be improved for a quantitative evaluation of the coordination site.
